are largely dependent on the inherent tumor biology of each type of malignancy. However, very little has been written contrasting the difference in surgical approach for tumors of such different embryonic origin.
To put this in focus, let us compare the multidisciplinary management of two pairs of scenarios: gastric adenocarcinoma versus gastric gastrointestinal tumor (GIST) and rectal carcinoma versus colorectal leiomyosarcoma. For gastric adenocarcinoma, the traditional dogma is to pursue a 5-cm margin plus appropriate lymphadenectomy. For gastric GIST, contemporary data suggest that only a minimal negative margin, at most, is needed, and no lymphadenectomy is necessary. For rectal carcinoma, generally 1 cm or more of negative margin have been traditionally recommended, though specifications are changing. Mesorectal excision and lymphadenectomy is necessary. For colorectal/pelvic leiomyosarcoma, the radial margins into surrounding tissue are of greater concern, often necessitating en bloc resection of contiguous structures, but without need for lymphadenectomy. This manuscript will explore the clinical data supporting current recommendations in these two pairs of scenarios and review the biological basis behind these guidelines. Four key questions will be addressed: 1) What constitutes a positive margin? Is it ink on tumor or ink less than 1 mm from tumor? What surfaces are evaluated? 2) What is an optimal margin distance? No ink at margin, greater than 1 mm, 1 cm, 5 cm? What about biologic barriers such as fascia or bone? 3) Why are surgical margin considerations different for epithelial malignancies (carcinomas) and mesenchymal malignancies (sarcomas)? 4) What is the impact of a margin-positive (R1) resection in carcinomas versus sarcomas?
Introduction
Tumors of epithelial origin (carcinomas) and mesenchymal origin (sarcomas) can arise in the gastrointestinal (GI) tract. Within the body of literature of individual tumor types, prospective studies have provided some guidance for identifying optimal margins. Resulting guidelines are often based on experience with local and distant recurrence rates based on different margins of resection and Due to inherent differences in the surgical approaches for bone and soft tissue sarcomas, resections of such sarcomas have been classified differently in the orthopedic oncology and surgical oncology literature. Orthopedic oncologic resections commonly use the Enneking classification [1] ( fig. 1 ). Radical resections refer to operations in which all normal tissue of the compartment involved encases the specimen. Wide resections include nonreactive normal tissue along the entire periphery of the specimen. In marginal resections, the so-called 'pseudocapsule' forms the periphery of all or part of the specimen. In intralesional resections, the lesion itself forms the periphery of all or part of the specimen. In the surgical oncology literature, terminology used across all cancer types is applied for sarcoma resections. R0 resections are macroscopically complete, with negative microscopic margins. R1 resections are also macroscopically complete, but with positive microscopic margins. R2 resections are macroscopically incomplete. Generally, ink on the tumor surface constitutes a positive margin. For sarcoma resections, margins that are less than 1 mm may often be considered positive as well. For the purposes of this review, extent of margin resection will utilize the conventions used in the surgical oncology literature.
Sarcoma Margin Guidelines
The US National Comprehensive Cancer Network (NCCN) and the European Society for Medical Oncology (ESMO) have developed guidelines for sarcoma management, which include commentary on margin. For both GIST and non-GIST sarcomas, the NCCN recommends obtaining oncologically appropriate guidelines (queried August 29, 2018) [2] . Close margins may be necessary to preserve critical structures such as vessels, nerves, and joints. However, there are no firm recommendations for ideal margin width. For GISTs in particular, re-resection is generally not indicated for microscopically positive margins on final pathology. For non-GIST sarcomas, a margin of at least 1 cm should be the goal, if possible. If margins are microscopically positive, re-resection should be considered.
The ESMO does not specify firm recommendation for margin width, but mentions considering anatomic barriers such as fascia or periosteum [3] . Furthermore, the ESMO guidelines recommend considering neoadjuvant therapies for close margins and making distinctions in extent of resection based on histologic subtype. The ESMO GIST guidelines recommend aiming for a macroscopically complete, margin-negative (R0) resection but macroscopically complete, margin-positive (R1) resections are reasonable to avoid potentially functional sequelae from what an R0 resection may entail [4] .
The College of American Pathologists have published recommendations on reporting margins. They recommend ideally pursuing wide margins of at least 2 cm or more of normal tissue around all margins. For margins less than 2 cm, location of those margins (superior, lateral, deep, etc.) should be specified as should the actual distance of tumor from margin.
In a single-institution series from the prospective surgical database from the Memorial Sloan Kettering Cancer Center (MSKCC), positive margin resections were associated with an increased risk of local recurrence and distant metastasis and a lower rate of diseasespecific survival [5] . Importantly, however, 72% of patients with positive margins from that series had no recurrence (local or distant).
Why Should We Treat Margins Differently in Carcinomas versus Sarcomas?
In general, carcinomas such as gastric or rectal adenocarcinoma are organ-based whereas most sarcomas tend to be cavity-or com- 344 partment-based. Even when sarcomas arise from hollow viscera, such as gastric GIST or visceral leiomyosarcoma, the tumors may grow more variably in an exophytic or intraluminal direction. Carcinomas have traditionally been described as being more infiltrative while sarcomas are more expansile. Furthermore, carcinomas are more likely to spread initially through lymphatic channels rather than through the hematogenous route more commonly associated with sarcoma dissemination. This reflects a difference in tumor biology, and it has important implications in terms of the extent of surgery.
There are multiple types of surgical margins which have different relevance for different malignancies, as previously described in a paper discussing surgical margins for pancreatic cancer [6] . First, transected margins are those involving dissection or division across an organ, as with dividing across the pancreas body during a Whipple procedure. This margin is critical for carcinomas and for organ-based sarcomas. Second, dissected surfaces, i.e. those where there is division of continuous adventitia or lymphovascular channels, are again important for carcinomas. These include the surfaces around the periphery of an organ; in a Whipple procedure, these would include the anterior and posterior pancreatic margins (around the head and the uncinate process) and the superior mesenteric artery and vein margins. Third are the mobilized surfaces, those which require separation along a developed embryologic plane. For sarcomas, the third type of margin along mobilized surfaces is quite relevant. Here, there is separation along developed embryologic planes through which a sarcoma may extend in an exophytic manner; this is different from carcinomas but quite relevant in terms of risk of recurrence for sarcomas.
Gastric Adenocarcinoma versus Gastric Gastrointestinal Stromal Tumor
In the management of gastric adenocarcinomas, the '5 cm dogma' has served as the basis for justifying extent of resection. In the 1980s, margins of less than 3-6 cm from the gross tumor were associated with increased risk for R1 resection [7] . Therefore, based on this, the US NCCN recommended at least a 4 cm margin from the gross tumor. Japanese Gastric Cancer Treatment guidelines recommended a greater than 2 cm margin for T1 tumors and a 3-to 5-cm margin for T2-T4 tumors ( table 1 ) [8, 9] . Studies demonstrated that an R0 resection was associated with better overall survival and disease-specific survival than R1 resection [10] . Amongst R0 patients, wider margins were associated with improved overall survival, most notably in T2 patients [11] . However, this was not consistent across all T stages. Similarly, wider margins were associated with better outcomes for stage I, but there was no difference for stage II or stage III [12] .
In contrast, margins can be much smaller for GISTs. Data combining the American College of Surgeons Oncology Group Z9000 and Z9001 studies demonstrated that patients who underwent an R0 versus R1 resection had no difference in recurrence-free survival regardless of whether or not they were treated with adjuvant imatinib [13] .
Thus, a typical resection for gastric adenocarcinoma requires a total or distal gastrectomy or some other segmental gastrectomy, usually with 5-cm margins, as well as a D2 lymphadenectomy. In contrast, for GIST, resection usually involves a partial wedge gastrectomy with simply negative margins (but not wide margins) and no lymphadenectomy. In terms of the potentially oncologicallyrelevant margins, the transection margin is critical for gastric cancer but less so for gastric GIST ( table 2 ) . Dissection margins including lymph nodes are important for gastric cancer but not necessarily so for gastric GIST other than maintaining a clean plane with no tumor disruption. Mobilization margins are again relatively less important for both, provided the specimen can be mobilized off of surrounding uninvolved tissue without tumor disruption.
Rectal Adenocarcinoma versus Rectal/Pelvic Leiomyosarcoma
Optimal margins for rectal adenocarcinoma are, generally, 5 cm proximally and 1 cm distally. Initially, 5-cm distal margins were considered necessary [14] , but data later confirmed that smaller distal margins were not associated with worse oncologic outcomes [15, 16] . Margins of less than 1 cm may be acceptable following neoadjuvant chemoradiation therapy in an attempt to preserve the anal sphincter [17, 18] . A total mesorectal excision is important and generally provides an adequate circumferential margin (usually greater than 1-2 mm from resected margin to tumor) [19] . Microscopic tumor deposits may be discontiguous and may be present in intramural and mesorectal planes up to 5 cm from the tumor site, thereby emphasizing the importance of that circumferential dissection [20] .
In general, the impact of the size of the distal rectal margin on local recurrence, distant metastatic rates, and overall survival is uncertain. Most studies demonstrated no significant difference in 345 local recurrence with distal rectal margins greater than or less than 1 cm, particularly in conjunction with neoadjuvant therapy [21] . In contrast, an inadequate circumferential margin (less than 1-2 mm) was associated with increased risk of local recurrence and a decreased disease-specific survival rate [21] . For visceral leiomyosarcomas, considerations are different. True visceral sarcomas, other than GIST, are generally exceedingly rare. Although primary rectal leiomyosarcomas may be rare, sarcomas may commonly arise in the pelvis. Different histologies may be involved, including well-differentiated liposarcoma, dedifferentiated liposarcoma, leiomyosarcoma, solitary fibrous tumor, and malignant peripheral nerve sheath tumors among others. Data from the MSKCC database suggested that there was no significant difference in disease-specific survival for retroperitoneal sarcomas after R0 versus R1 resection, and in general, considerations for pelvic sarcomas would be the same [22] . In truth, it is quite likely that there are few true R0 resections. However, there was a significant difference in disease-specific survival between patients who undergo R1 and R2 resection. Those that underwent an incomplete resection (R2) had survival rates that were only marginally better than patients with unresectable disease who did not have surgery.
Rates of local recurrence also depend significantly on histologic subtype. Amongst retroperitoneal and pelvic sarcomas, liposarcoma has a high risk of local recurrence, both well-differentiated and dedifferentiated [23] . In contrast, leiomyosarcomas generally have a low rate of local recurrence and are more likely to recur with distant metastases.
Drawing from this information, for visceral leiomyosarcomas such as rectal leiomyosarcomas, the goal of surgery is to ideally get a negative margin but not necessarily perform the same sort of dissection as for rectal adenocarcinoma. Although a total mesorectal excision is not generally necessary, it does provide a consistent and natural plane of dissection, particularly if the patient has received neoadjuvant radiation therapy; thus, it can be done in a manner similar to that for rectal adenocarcinoma. However, a lymphadenectomy is not indicated. All efforts at sphincter preservation are important, as is true for any rectal malignancy, but not to the point that margins are compromised. There are no specific guidelines for ideal margins for either the proximal or distal rectal margin.
Although sarcomas are generally considered 'pushing' tumors, they frequently demonstrate organ invasion, with resulting consequences on recurrence and survival. In a single-institution series, 59% of dedifferentiated liposarcomas and 52% of leiomyosarcomas arising in the retroperitoneum demonstrated histologic organ invasion into adjacent organs, and the presence of histologic organ invasion was associated with higher rates of distant recurrence and worse overall survival [24] .
Transection margins are extremely important for rectal cancer, both proximally and distally ( table 3 ) . A negative margin is important for a rectal leiomyosarcoma, but no specific distance has been established. Dissection margins are critically important for rectal cancer, particularly the mesorectal excision margin. For rectal leiomyosarcomas, this is essentially a radial margin, and again a negative margin is ideal though often more challenging given the disruption of tissue planes. Mobilization margins are generally less critical for contained rectal adenocarcinoma though this may not be the case for patients with extension into the perirectal fat. Mobilization margins are important for visceral leiomyosarcomas, but again the predominant pattern of failures is distant recurrence and not necessarily local recurrence.
Conclusions
At present, there remains no consensus on optimal margins for most cancers. In general, for carcinomas, the transection and, to a lesser extent, dissection margins are quite relevant. Positive margins can usually lead to higher rates of local recurrence. Impact on the rates of distant metastasis and the overall survival are quite variable, though. For sarcomas, the dissection and mobilization margins are quite relevant, and to a lesser extent the transection margins. Positive margins were associated with higher rates of local recurrence and distant metastasis as well as reduced diseasespecific or overall survival for most sarcomas, though not necessarily GIST. Planned adjuvant/neoadjuvant therapy may reduce the risk for specific histologies and sites of origin. In general, for both epithelial and mesenchymal tumors, tumor biology is a critically important factor, and oncologic surgery should be planned accordingly.
Therefore, as we consider optimal margins for carcinomas versus sarcomas, one must take into account tumor histology and tumor biology, evidence-based guidelines for adequate or biologic margins, anatomic site, critical surrounding structures, and the use of neoadjuvant or adjuvant therapy.
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